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PROCESS AND COMPOSITION FOR TRSAHMS .METALS 

FIELD AND BACKGROUND OF THE INVENTION 

TN:$ invention relates to a surface treatment agent that can form a highly mm- 
mm~rBm§imL strongly pmni-adhermt f Hm on the surface of a metal e.g.* steel sheet, 
zmo$®mm^M&d steel sheet, end aluminum sheet. The invention also relates to a 
process for treating mate! surfaces using tNs surfaoe treatment agent, 

23hdferbus*-'piated steel sheet is used In a variety of fields, lor example, in auto- 
motive applications, for household elecincef appliances, and as a feuHding material. 
Since zlndferous-piated steel sheet corrodes upon exposure to the atmosphere with the 
production of a corrosion product known as white rust It has heretofore .topically been 
treated with a treatment composition containing an aqueous chromic mid solution in 
order to improve Its corrosion resistance, This treatment, known as a ohromate 
treatment, forms a coating layer that contains hex&vafent chromium and trlvalent 
chromium on the surface of zinciferous-pfated steer shael 

Unfortunately: since the aqueous solutions used in ohromate treatment contain 
human-toxic hexavalent chromium, waste water treatment must in most jansdicttons 
comply with specif fc and detailed legal regulations. This has resulted, in association with 
the recent heightening of concern with global environmental preservation, in a streng- 
thening of the desire to reduce the use of human- toxic compounds to the greatest extent 
paaeible. 

Wlthsn the field of non-chromate surfaco treatment processes,, treatment with tan- 
nic aoid-oontalnlng surf aoe treatment agents is welS known, li m thought that the protect- 
ive coating formed by the reaction of tannic add and the metal during treatment with an 
aqueous tannic acid solution improves the resistance to corrosion by Inhibiting the infil- 
tration of corrosive substances. This coating, however, is essentiaily unable to meet the 
corrosion resistance and paint adherence demands Imposed by recent increases in 
product quality; 

Processes using non-chromate coatings are taught in, for example, Japanese 
Lmd Open (Koka? or Unexamined) Patent Application Numbers Sho 53-121034 
(121,034/ 1978), Sho 57-44751 (44,751/1 S82)> and Hei 1-1773S0 (177.380/1 §89). The 
art taught in Japanese Laid Open (Kofcai or Unexamined) Patent Application Number 
She 53-121034 comprises a process lor forming a coating on a metal surface by 
applying and drying thereon an aqueous solution containing waier-dsapersible silica, 
alkyd resin; and a tnaikoxysjlane compound. The coating afforded by this process, 
however, Is onabfe to provide the level of corrosion resistance that is the object of this 
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Invention, The art taught In Mpmem Laid ©pen (Kokai or Unexamined) Patent 
Application Number She 57-44751 comprises a process that usm a water-soluble- resin 
oompcaad of a hydroxypymne derivative, while the art taught in Japanese Laid Open 
(Kokal or Unax&mtn&d) Patent Application Number HeJ 1-177380 composes a process 
that uses a waiarHdispe.rsi.bte polymer of a hydmxystyrane compound or an aqueous 
solution of a hylroxystyrene compound. Again, nether of these processes can provide 
the lave! of corrosion resistance sought by this invention* Thus, the art as curren8y 
constituted Is unable to provide a coating wjth a corrosion resistance high enough to 
permit usa of the coating in place of a chrom&te Rim. 

An object of this rrwenttenfs to solve the problems desoH bed above lor fia prior 
art by providing a liquid surface treatment composition for application to metals that can 
form a highly corrosion- resistant, strongly palnt-ao-herent coating on metal surfaces and 
particularly on the surface of zmcllerous-piated steal sheet An alternative anchor 
concurrent object of this invention is to provide a process for treating metal surfaces that 
uses this surface treatment composition. 
BRIEF SUMMARY OF THE INVENTiON 

It has been found that a highly corrosion-resistant, strongly paint-adharanf 
coating can be formed on metal surfaces by treating such surfaces with an. aqueous 
liquid that, in addition to water, comprises, preferably consist essentially of, or more 
preferably consists of: 

(A) a component of molecules that satisfy both of the following critena: 

^A.l) each rnoieciite contains at least two mosaties that conform to general 
formula 0): 

FTQ 

; 

! 

wherein each of &\ B 2 , and R* is Independently selected from the group 
consisting ol hydrogen atoms and alkyi moieties containing from 1 to 4 
carbon atoms; and 

(A»2) for all of the molacuies oGnaidarad together, the weight avenge value for 
the molecular weight drs^ded by the average number par molecule of 
moieties conforming to formula (i) as given above yields a quotient that 
is within a range from 100 to 30,000: and 

(B) a component of one or more substances seiaeted from the group caneie^g of 
organic adds, phosphoric add, hydrofluoric acid, fetrafluorobonc add, 
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hexaflyorosiil&c acid, hexaffuomtii&nfo acid, hex&ffaorosiroome acid, 
hemilucrohBfm acid, and ammonium salts of organic acids, phosphoric acid, 
hydrofluoric add, teirafiuoroborlo add, hexafiuofoailieiq acid, hexaflyorotltanlo 
add, hexafluorosiroonic acid, and hexafluomhaf n!c acid, 
DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 
in one preferred embodiment, a liquid treatment composition according to the 
invention also contains a component (G) selected from the group consisting of resins 
each of the molecules of which contains at least one tertiary amino moiety or quaternary 
ammonium mobty but does not qualify to be part of component £A}* When component 
(C) is present the weight of component (A) preferably has a ratio to the weight of com- 
ponent (C) In the same composition that Is from 1 .0:9 to 9:1 A the weights of compon- 
ents (A) end .(C) being measured m the same units, 

iri another preferred embodiment, a liquid treatment composition aooording to the 
Invention ateo contains a component (D) selected from the water soluble salts of the met- 
als oobaSi tungsten, vanadium, magnesium, aluminum, manganese, ii&ftiuro, triv&ient 
chromium, and molybdenum, exclusive of any such salts thai could be part of any of 
components (At (B) t and (C) as described above but inclusive of in which the 
metals are part of oxyeatiohs as well as sa^ts in which the metals are cations. When 
component (D) Is present In a cornposteon according to the invention. Its weight 
preferably has a ratio to the weight of component (A) in the same composition that is 
from 0,0001 Oil ,Q to 1 ,0:1 ;o, the weights of components (A) and (D) bmhg measured In 
the same units. 

In yet another preferred embodiment a liquid treatment composition according 
to the Invention also contains a component (E) selected from robfeeutea eaoh of which 
contains at least one moiety seized from me group consisting of C«O f C~C S -0*C, G~H t 
C*H, M~U t U~U, and suifur-atom-oontalning moieties, but exclusive of any molecules 
that could constitute part of any of components (A) through (D) as descnbed above. 
When component (£} Is present In a composition according to the invention, Its weight 
preferably has a ratio the weight of component (A) in the same composition that is imm 
0x0010:1.0 to 1 ,0:1.0, the weights of components (A) and (E) being measured in the 
same unrts, 

. A process according to this invention for treating metal surfaces ia characterized 
by the formation of a liquid coating of a composition according to the Invention on the 
surface of a metal substrate, and later, or preferably tmmediaief& drying said surface 
treatment imposition into place on said metal -surface* wilhout removing, e.g., by rinsing 
away, any of the non-voiatitea content of the liquid coating before the coating is dried. 



3 



wo mnwT6 



Afterdrying, the coating film so formed should have a mass par unit area, often sailed 
"ooaSng wesgbf, that m from 0>1 to 3>G grams of dned coatsng per square meter of. metal 
surface coated, a unit of coating weight that Is hereinafter usually abbreviated as {t giaf K , 
Components (A) and (B) are the necessary active ingredients in a liquid surface 
5 treatment composition according to the Invention, The wesght average value for the 
molecular weight of component (A) divided by the average number per molecule of 
moieties conforming to formula (!) as given above in component {A} preferably has a 
value, that is. at least with increasing preference In the order given, 120, ISO, 140, 150, 
or 160 and independently preferably is not more than, with increasing preference in the 

is order given, 10,000, SGG0, 2000, 1 500, 1000, or 800, Synthesis of a compound In which 
the molecular weight per functional group Is below 100 Js highly problematic. Adherence 
to the metal surface, which is a characteristic function of this functional group, declines, 
when the value of the molecular weight per functional group exceeds 30,000. The 
naium of the parts of the molecules of component (A) that does not consist of mofetbs 

is conforming to general formula (1) as described above la not orftfcal.. but these parte of the 
molecules of component (A) preferably are organic and more preferably contain, for 
example, ester, ether, acid amide, urethane, urea, or vinyl moieties, 

While the process for synthesizing component (A) Is not critical, this component 
can be symhesteed, for example, by reacting chforosifane with a compound bearing at 

so least two active hydrogen-containing functional groups, by reacting two or more different 
sMm coupling agents with each other, by reacting a reactive functbnai group-containing 
compound with the orgahofunctlona! groups m a silana mupllng agent and by 
^polymerizing a vinvi4unctionaf sliane coupling agent with other copofymerizabie vinyl 
compounds) , 

2$ The use, as pari o! component (A), of molecules containing only one moiety con- 

forming to general formula (i) in each molecule Is undesirable because the presence of 
such molecules gives a diminished adherence to metal surfaces. 

Organic acids, which are preferred over their salts, are advantageous 
constituents of component (B) as described above when treating zino-ooated steel, 

m because organic acids do not strongly etch tie zinc-coated steel sheet and nevertheless 
remove the very thin oxide film present on the surface of the plating. Strong acids such 
as sulfuric acid, hydrochloric add, and nitric acid reduce the corrosion resistance 
because they remove too much of the zinc coating. The subject organic acid can be 
exemplified by formic acki aceise add, butyric acid, oxalic add, succinic aold v 1aotlo add, 

s§ L-ascorblo add., tartaric acid, citric acid, Pt-maile add, malonio aeid, malesc add, and 
phtbalic acid. 
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Phosphoric acid is bal^ved to Boreas© the corrosion resistance by forming a 2inc 
phosphate conversion coating — albeit. in very small amounts — on the surface of a 
^fnoiferous coating. Usable as this phosphoric acid are, for example, ma^aphosphonc 
scid, pyrophosphodc acid, crthophosphpnc acid, triphosphoric acid, and tetra^osphonp 
acid and the ammonium, aluminum, and magnesium sate of these acids, 

Fluoride when present as part of component (B) is believed to improve the 
corrosion resistance through a controlled etching activity and ability to chelate mate! 
cations. 

The various alternative types of substances suitable for component 18) have 
some what different preferred concentrations relative to component (A), in particular* for 
each 100 parts by weight of component (A) In a liquid composition according to the 
invention: when organic acids are used, their concentration preferably is at least, with 
Increasing preference in the order given, 0.01, 0.05, 0.1.0, 0-50, 1.0, 3,0, or 4,0 and 
independently preferably is not more than, with Increasing preference In the order given < 
SOD, 200* 1 DO. 75, SO. 25 > 20, 1 0 ; or 8 parts by weight: when phosphoric acid ie used, Its 
concentration preferably is at least, with increasing preference in the order givan, 0.C3S, 
0.10, 0.50, 1i0 s 3>Q, or 4,0 and independently preferably is not mora than, with increasing 
preference in the order given, 200, 100* 75, 50> 26, 20, 10, or 8 parts by weight: and 
when complex fluorides are used, their concentration preferably is at least 0,01 , 0*05, 
0.10, 0>50> 1.0, 8 A or 9,0 and independently preferably Is not mom than, with 
Increasing preference m the order given, 100, 75, 50, 25* 20, 1 S, or 1 1 parts by weight. 
These preferences for the individual alternatives of component (3) apply even if more 
than one of them Is used. Only a weak effect is generated by the additton of component 
(S) in an amount below these ranges, in contrast, no additional affect is obtained by an 
add-on above the given ranges, and such additions are thus uneconomical. 

The corrosion resistance afforded by this invention can be further Improved by 
the addition of component (C) : a resin whose molecules contain at least one tertiary 
amino moiety or quaternary ammonium moiety, While the type of resin is not critical, a. 
oenerai-purpo^e predominantly pofyaeryiJc, epoxy po^yurethane : or polyester resin Is 
preferred; The technique for Introducing tertiary amino and/or quaternary ammonium 
moieties Is ateo not critical In this regard one can pontemplate, for example, the use of 
en amino-functional comonomer during resin synthesis* the use of nitre- and/or nitrite- 
containing comonomers during resin synthesis followed by reduction of the nitre and/or 
nlthle moieties, and direct substitution of an amino moiety lor C-bonded hydrogen In the 
resin* Any of these techniques Is aecepta&ie. 

Component |C) when used preferably has a concentration that will result in a 



ratio by weight of component (A) to component {€} that Is at feast* with Increasing 
preference In Ihe order given, 1.00:9.0, 1.00:7,0, 1 ,00:6.0, or 1,00:5.0 and Indapenden% 
preferably is not more than, with Increasing preference in the order given, 8,0:1.00, 
7,0:1 ,00, S.Q;1 .00, or 5.0:1 >00> The corrosion resistance is diminished when this ratio of 
(A)/(C} Is batow 1,0:9* Conversely only a weak effect is generated by the add-on of 
component (C) when (A)/{C) is above 9:1.0, making such a use of component (Q) uneco- 
nomical 

The corrosion resistance afforded by this invention can also be farther improved 
by the use of component (D). When used, component (D) preferably is present in an 
amount such that Its ratio fry weight to component (A) In the same treatment composition 
Is at least with Increasing preference in the order given, 0*00010:1.0,. 0.0005:1. 00, 
0,0010:1 m, 0,0050:1 .00, 0.01 00:1 .00, 0.050:1 .00, 0.070:1 ,00, 0.090:1 .00, or 0.1 0:1 .00 
and Independency preferably Is not more than, with increasing preference in the order 
given, 1 ,00:1,00, 0.80: 1 .00, 0,70:1 ,00 f 0,60:1 ,00, or 0.50:1,00. Utile or no Improvement 
In corrosion resistance is seen from a component (D) addition below 0.0001 0:1 ,0, while 
a component (D) addition above 1.0:1 .0 is uneconomical since no Additional benefit 
results from such an addition. 

Further Improvement In the corrosion resistance afforded by this Invention can 
afeo be obtained by the addition of component (E), which is constituted of one or more 
substances that contain In each molecule at least one of the moieties represented by the 
following chemical formulas (with only essential bonds shown): C^O, 0~0> C-O, C~N 5 
ON, MszU } H-Ht and S> The thus functionalist compound is not particularly critical and 
can ba exempted by C=0-eontaimng compounds such as aldehydes like formaldehyde 
and acetaldehyde and ketone like acetone and methyl alfryl ketone: by C-C-oontalning 
compounds such as benzene and derivatives thereof ; naphthalene and derivatives 
thereof, (met)acrylic acid and derivatives thereof , the esters of aikenyteafbox^Ic acids, 
and aikenylaldehydes: % C-O-contamln^ compounds such as acetylene alcohol and 
acetylene derivatives; by C^N-containlng compounds such as a2ine< tnazine, osazone 
dyes, thphanylmethane dyes, guanidsne, pyiimldlne, pyrazoJe, imidazole, and pyridmluro 
and quinoflnium compounds; by C-N-oontaining compounds such as ethylene 
cy&nohydrin; by N-N-ccntalning compounds such as hydrazine compounds and 
derivatives thereof; by N~N-oontalning compounds such as azo dyes: and by S- 
containing compounds such as sulfonic acid, sulfonates, sutfoamkles, thiourea, and 
cyclic thiourea. 

When component (£) is present, it preferably Is present in an amount such that 
the ratio fey weight of component {£} to component (A) In the same composition Is at 
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least with increasing preference m the order given, 0,0010:1 .0, a005G;1 ,00, 0.010:1 ,00, 
0>D30;1.00 J QXiSOiim, 0.070:1. 00, 0,080:1.00, 0.090:1, 00, or 0,097:1.00 and 
independently preferably Is not mom than, with Increasing preference In the order given* 
1.00:1.00, 0,50:1,00, 0.40:1.00, 0.30:1 .00, 0.20:1.00, orO<12:im Litite of no improve- 
msnt.ln corrosion resistance Is obtained from a component (£} raio below 0.001 0:1 
while the psunt adherence is reduced when the (E)/(A) ratio Is more than 1.0:1,0. 

The surface treatment composition of this Invention may also contain: additives 
such as thickeners and surfactants (She Setter also known as wetting agents) for the pur- 
pose of generating a uniform coating on the substrate surface; electrical conductivity im- 
provers In order to improve the welding behavior: colored pigments in order to Improve 
the aesthetics, and f&m-forming auxiliaries In order to improve the fISm-formino perform- 
ance; 

The surface treatment composition of this invention Is preferably applied, for 
example, to: aluminum sheet: steal sheet, e,g. f oold-ro^ed steel sheet and hot-rolled 
steel sheet: and, most preferably, zinciferous-plated steel sheet, e.g., eleetrogalv&nlzed 
steel sheet, hot-dipped galvanized steel sheet gaivannealed steel sheet, steel sheet 
plated with aluminum-oonta^ng imc< 2n/Nr-plated steel sheet, Zn/Co-piated steel sheet, 
and vapor-deposition zinc-plated steel sheet, 

A coating with a weight after drying of 0,1 to 3,0 gftn* is preferably formed by 
application of a surface treatment composition according to the invention to the metal 
surface by, lor example, roll coating, dipping, or eiectrosiatic coating, followed by drying 
by induction heating or with a hot gas ourrent to an attained aheet temperature of 80 to 
250 *C and prefer&biy SO to 220 *<X The performance of the resulting coating may often 
be unsatisfactory when the attained sheet temperature does not reach 60 *C. while an 
attained sheet temperature fn excess of 250 *C can result m pyrofysis of the coating. 
The performance of the coating may often be unsatisfactory when the coating weight is 
lees than 0.1 g/m", while no additional increments m coating performance are obtained 
at above 3.0 g/nf\ making such weights uneconomical 

The solids concentration m the surface treatment oompoamon of the invention Is 
preferably in the range from 1 to 50 %. Since the surface treatment composition is an 
aqueous system, a sends concentration below 1 % m undesirable because such concen- 
trations result in long drying times. At the other end of the range, a solids concentration 
in excess of 50 % Is undesirable because concentrations at thssleve! muse such prob- 
lems as a reduced dispersion st&fo&ty and an increased viscosity of tie treatment agent. 
Because a composition according to the invention is dried Into place on the surface 
being treated In a process according to the Invention, the concentration of the surface 
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treatment composition has Mttte or no technical effect on the results obtained, provided 
that a preferred ooatl ng. weight as described above Is obtained. A preferred coating 
weight can be obtained wiih either a thick coating of a dilute surface treatment llquid or 
a thin coating of a concentrated surface treatment liquid, 

Tills invention is Illustrated m mora specific terms In the foliowing through working 
and comparative examples, but the scope of the invention is not limited by the working 
examples that fo!!ow> Described immediately below are the test specimens, decreasing 
treatment and process for applying the metal surface treatment oomposjtton that were 
used in the working and comparative examples. 
1 h Preparation of the test specimens 
(1*1) Materials tested 

The following commercial materials were tested as substrates: 

* eleotrogalvanlzed steel sheet (hereinafter usually abbreviated as *EG*} 
sheet thickness - 0.8 millimeter (hereinafter usually ahbre^ated as 
"mm"), coating weight ^ 20 grams of electroplated zmo per square meter 
cf steel sheet on both major surfaces, the unit of grams per square meter 
being hereinafter usually abbreviated as "g/m2° and coating on both 
major surfaces being hereinafter Indicated by numbers with a virgule 
between them, so that the abbreviated description of this coating would 
be "20/20 g/mT: 

ateef sheet hot-dip coated with sine containing 5 % aluminum (hereinafter 
usually abbreviated as *GF) 

sheet thickness ~ 0,8 mm, coating weight ^ 90/90 g/nf ; 

Zn/Ni alloy-coated steel sheet {hereinafter usually abbreviated as ^Zn/Nf) 

sheet thickness - 0,8 mm, coating weight ^ 20/20 gfttf ; 

hot-dip zinc-coated steel sheet (hereinafter usually abbreviated as *GF} 

sheet thickness « [};8-.mm, coating weight ^ 80/90 gjrrfi; 

hot-dip 55 % Zn alloy-coated steel sheet (hereinafter usually abbreviated 

as "Qt") 

sheet thickness ~ 0,8 mm, coating weight - SO/90 g/m £ : 

* gafvanneaied (2n-Fe) hot- dip £mc-coate& steel sheet (hereinafter usuaffy 
abbreviated as *GA*) 

sheet thickness ^ 0.8 mm, coating weight. - 60/00 igfm*);m£ 
A-11 00 aluminum sheet (hereinafter usually abbreviated as *AL"} 
sheet thickness » 0.8 mm, 
.( 1*2} Degte&sing treatment 
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The substrata was sprayed for 2 minutes at 80 *C with a solution In water of 20 
grams, per liiet of water, of '-FINECLEANER® 433$ concsntrHta for a ^!icat©-^pa alkaline 
degraassr oommerclaiiy available from Hlfton P&rkerlzsnq Co., Ltd. This was followed 
by rinsing with pure water for SO seconds and then drying* 
{1-3} Application of the metal surface treatment composition 

The metal surface treatment cornpositson (see below for detaiis) was applied with 
a bar m&t®t> This was fallowed by drying at an ambient temperature of 300 *C< 
2« Painted sheet performance testing 
(2-1 } Corrosion resistance in fiat regions 

Sait~sp&y testing as described in Japanese Industrial Standard (hereinafter 
usually abbreviated as "JiS") 2-2371 was carried out for 120 hours, after which the status 
of white rust development was evaluated and reported an the following seals: 
+ * * » rust produced over fes than 3 % of the total surface mm; 
+•* * rust produced over at least 3 % but less than 10% of the total surface 

+ » rust produced over at feast 10% but less than 30 % of the total surface 
area; 

x =s rust produced over at feast 30 % of the total surface area, 
(2-2) Corrosion resistance in worked regions 

The Ehcheen test (7 mm extrusion) was carried out as described in J1S 2-2247 
followed by salt^pray testing according to JIS 2-2371 for 72 hours. The status of white 
rust development was then evaluated and reported on the following scafe; 
* * * - rust produced over less than TO % of the total surface area; 

- rust produced over at least 1 0 % hut less than 20 % of the total surface 
3r0iSij 

4- =s rust prod ucod over at least 20 % but less than 30 % of the total surface 

x ~ rust produced over at feast 30% of the total surface area. 
(2-3) Ovarcoated paint adherence 

The test specimen was coated with a meiamine alkyd paint (Amissc™ #1000, 
registered trademark of Kansas Paint Co., Ltd.) in an amount sufficient to produce a 25 
mtarsetre {hereinafter usually abbreviated as "Mm") thick coating after baking. Coating 
« followed by baking for 20 minutes at 125 °C. Evaluation was run on painted test 
specimens after standing for 24 hours (primary test) and on test specimens that had 
been allowed to stand for 24 hours, then immersed In boiling water for 2 hours, and then 
allowed to stand lor another 24 hours (secondary test), Evaluation consisted of scribing 



a ISO-square grid (1 mm Interval): extruding the grid region 7 mm with an Bnohsen 
tester, peeling with pressure-sensitive adhesive tape, and then scoring the extent of paint 
film peeling. The resume were reported on the following scale; 

* -f ■ * : no. of peeled paint squares ^ 0; 
* : no. of peeled paint squares ~ 1 

* : no. of pasted paint squares « 2 to 10; 

x : .no- of pealed paint squares w 11 to 1 DO. 
S« Metal surf ace treatment com positions 
TR£AT«SENT"COMPOSiT!ON A 

An amount of 5 parts by weight of ammonium dshydfogen phosphate as com* 
ponent (B) was added to 1 00 parts 'by weight of the compound afforded by the reaction 
In ethanoiof 1 ,0 mole of nexamathylenediamine and 2.0 moles of Y-g^dox>propyttdma- 
thoxysilane as component (A). The resulting mixture was diluted with deton&es) water 
to give a solids concentration of 5 %. Component (A) in thte instance had 2 moieties 
conforming to formula (j) per molecule, and its ratio of gram molecular weight to the 
number of such moieties per molecule was approximately 294, 

TREATMENT COMPOSITION B 

An amount of 5.0 parts by weight of oxalic acid as component (B) was added to 
100 parts by -weight of the compound (s) afforded by the reaction In N~methy^pyrro^ 
done of 1.0 mole of bfephsncf-A epoxy resin (EPON™ 828 type, hereinafter umaMy 
abbreviated as *#828 type") and 2,0 moles of y-aminopropyitHethoxysliane as component 
{A}. The reeu&ng mixture was diluted with deionized water to give a soiids concentration 
of 5 %, Component (A) in this instance had 2 moieties conforming to formula (!) per moi* 
seuie, and its ratio of gram molecular weight to she number of such moieties per 
molecule was approximately 41 1 . 
Treatment Composition C 

An amount of 10 parts by -weight of ammonium fluorosNteale as component (8) 
was added to 100 parts by weight of the oompoundfs) afforded by emulsion .pedyrnedza- 
fen In defon&ed water of 1 .0 mole of acrylic acid, 5.0 moles of butyl aenrfate, 5*0 moles 
of methyl matbacryja&, and 3.0 moles of Y-metbacrytoxyprop^tnethoxys^ane as 
component (A), The resuming mixture was diluted with delonized water to give a solids 
concentration of 5 %. Component (A) in this instance had 3 moieties conforming to form- 
ula (i) per molecule, and its ratio of gram molecular weight to number of such moieties 
per molecule was approximately 894. 
Treatment CoMrosmor*- D 

To Treatment Composition A as described above was added 20 parts by weight, 
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per 100 parts, by weight of component (A), of the polymer^} afforded by the emulsion 
polymerization In dmordzed water of 1 ,0 mole of aeryfe acid, 5,0 moles of methyl 
methaorylate, 3,0 moles of 2-hydroxyethy! methaeryfaie, and 2*0 moles of 
aim^thylaminoethy! msthacrylate as component (G}< The resulting mixture was diluted 
with delon&ed water to gsve a solids concentration of 5 %, The component 
{AVcomponenf (C) weight ratio was S:1,0. 
Treatment OowosmoN £ 

An amount of 1 00 parts by weight, per 1 00 parts by weight of component (A% of 
oompoundts) afforded by the reaction of 1,0 mole of #828 type epoxy resin and 2,0 
moles of dimethyl ethanolamine followed by pH adjustment to 4M with acetic add as 
component (C| s was added to Treatment Composition 6 as described above. The 
resulting mixture was diluted with deiomzed water to a solids concent ration of 5 %, The 
component (A)/oomponent{C) weight ratio was 1,8:1 ,0, 
TREATMENT CO^POSJtlO^ F 

lb Treatment Composition C as described above was added 500 parts (soiids) 
by weight per 1 00 parts by weight of component (A), of a water-based u rethane resin 
containing tertiary amino and quaternary ammonium moieties (Adeka Banister™ HU.X 
670, registered trademark of Asahi Denka Kogyo Kabushlkl Kafeha) as component (C|. 
The resulting mixture was diluted with d&tohteed water to a solids concentration of S %, 
The component (A}/compcneni (C) weight ratio was 1.0:5.0. 
Treatment Composition G 

To Treatment Composition. A as desori bed above was added IS parts by weight, 
per 100 parts by weight of component (A); of anhydrous magnesium acetate as 
component (D)> The resulting mixture was diluted with deion&ed water to give a solids 
concentration of 5 %, 
Treatk£nt QoumsmoH H 

To Treatment Composition 5 as described above was added 20 parts by weight, 
per 100 parts by weight of component. (A), of ammonium met&vanadate (NH4VO3) as 
component (0), The results no mixture was diluted with dsicr&zed water to give a mMs 
concentration of 5 %» 

COMPOSITION I 

To Treatment Composition C as described above was added 30 parts by weight 
par 100 parts by weight of component (A) ? of aluminum phosphate (AJFG 3 ) as 
component (P). The resulting mixture was diluted with deiortod water to give a solids 
concentration of 5%, 
Treatment Co^PosmoN J 
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Tc- Treatment Composition A as described above was added 10 parts by weight, 
par 100 parts by weight of component (A), of 2-buiyn-1 IHOGH^C-CCH^OH) as 
component (E). The resulting .mixture was diluted with dsionszed water to give a soSkfs 
concentration of 5 %. 

TREATMENT QQMPOmrtQN K 

To Treatment Composition 8 as described above, was -added 10 parts by weight, 
per 100 parts by weight of component (A), of thiourea (H 2 MCSNH S ) as component (£}, 
The resulting mixture was diluted with defonaeed water to give a solids ooncantratson o! 
S %, 

Treatment Composition L 

To Treatment Composition D as described above was added 20 parts by weight, 
per 100 parts fey weight of component (A), of anhydrous magnesium acetate as 
component (D)*- The resulting mixture was diluted with tielon&ed water to give a solids 
concentration of 5 %. 
Treatment OO^PDSiTior^ M 

To Treatment Composition E as described afoo^e was added 20 parts by weight, 
per 100 parts by weight, of component (A), of ammonium matavanadala (NH*VO^ as part 
of component |D) and SO parts by weight, per 100 parts by weight of component {A), of 
aluminum phosphate (AiPOa) as the remaining part of component (0% The resting mix- 
ture was diluted with d&ionized water to give a soSSds concentration of 5 %. 

TREATMENT COMPOSITION N 

To Treatment Composition F as described above was added 20 parts by weight, 
par 100 parts by weight of component (A) : of anhydrous magnesium acetate as 
component (D) and 10 parts by weight, per 100 parts by weight of component (A} : of 
thiourea (H 2 NGSMH S ) as component (E}< The resulting mkiura was diluted with 
dekmte&d water to give a solids concentration of 5 %, 
Treatment Composition O 

Amounts of 5 parts by weight, per 100 parts by weight of component (A), of 
ammomum dihydrosen phosphate as part of component (8) and 10 parts by weight per 
100 parts by weigh! of component (A), of ammonium fluorosOioate as the remainder of 
component (B) were added to 1 00 parts by weight of the compound(s) afforded by the 
reaction In ethanoi of 1 mole hexamethyienedcamine and 2 motes of v-g^dc^ropyitri- 
methoxys^sna as component (A). The resulting mixture was diluted ivitb defended water 
to 0m a -solids concentration of 5 Component (A) in this mstsnoe had 2 moieties 
conforming to formula (I) per molecule, and its ratio of gram molecular weight to number 
of such moletks per -molecule was approximately 284, 
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Treatment Composition P 

Amounts of 5.0 parts by weight, per 100 parts by weight of component (A), of 
ammonium drhytirogsn phosphate as part of component (S} f 10.0 parts by weight, per 
100 parts by weight of component (A), of ammonium fiuomslficste as the remainder of 
component (B> and 200 parts by weight(so!ids) s per 100 parts by weight of component 
(A), of a water-based polyurethane resin, containing tertiary ammo &nd quaternary am- 
monium moieties (Adeka Softer™ HUX 780. registered trademark of Asahi Denka Keg- 
yo Kabushfei Kalsha) as component (C) were added to 100 pans by weight of bis(lrime~ 
thoxysiiy!propyi)amhe (A-1170 from Nippon Untear Co, Ltd) as component (A). The 
resulting mixture was diluted with detonszad water to give a solids concentrator* of 5 %, 
Component (A) in this Instance had 2 moieties conforming to formula (0 per molecule, 
and its ratio of gram mofeeusar weight to number of such moieileg per moiecute was 
approximately 171 . The ratio by weight of component {A) to component (C) was 1 .0:2.0, 
Comparative Tr £ at-vcnt Cowp&itoh Q 

An amount of 10 parts by weight of wmmonium fluosfBcate* which In Uml1 would 
he Bumble to constitute component (S) of a composition according to this Invention, was 
added to 100 parts by weight of the cornpoundCs}, with an average molecular weight of 
approximately 40,000, afforded by the emulsion .potymerteatscn- In deion&ed water of 50 
moles of acrylic acid, 100 moles of butyl aaylaM, 100 moles of methyl melh&crylate, 100 
motes of 2-hydroxyethyl meth&cryfaia, and 1,0 mole Y-methaor^ox>^rop^^thoxysrlane 
as the closest to a proper component (A) as -ti&sorfbed afeova. This mixture was diluted 
with dslon&ed water to give a solids concentration of 5 %, What might otherwise be 
component (A) m this instance had an average of only 1 moiety conforming to formula 
(!) per molecule, and lis ratio. -of gram molecular weight to number of such moieties per 
molecule was approximately 40,000 — a value outside the range spedfled for 
component (A) according to the present invention^ 
Comparative 'Treatment Composition R 

An amount of "1 ,0 part by weight of sulfuric add was added to 1 00 parts by weight 
of the compound^), corresponding to component (A) In a Treatment Composition 
according to this Invention, afforded by the reaction In ethanoi of 1,0 mote of 
h©5camethylenediamine and 2.0 moles of y^l^idoxyprcpytolmethoxysilane. This mixture 
was then diluted with dekmteed water to give a solids concentration of 5 %. The 
oompound(s) corresponding to component (A) in this instance had 2 mofetles -cQftrftomdng 
to formula (!) per molecule, and their average ratio of gram molecular weight to number 
of such moieties per -molecule was approximately 284. Thfs Treatment Composition did 
not contain a compound qualifying as component (B)> however, so that It. was not 



according to the invention. 

Cdmparat i vh Treatment Composition S 

An amount of 5 parts by weight of phosphoric acid, a matadal. suitable in Itself to 
consttote component: (8) of a treatment composition according to the Invention, was 
added to 100 parts by weight of v--merc^ptopmpyltnmethoxysHane (XBM8G3 from Shin- 
Etsu Chemical a material that after suitable reaction might have mnst&uied component 
fA) of a composition according to the invention. The resulting mixture was diluted with 
delonized water to give a solids concentration- of 5 % by weight. The KBMSOS material 
had only one moiety conform ing. to formula (I) per molecule* a value outskfa the inventive 
range. 

Comparative Treatment GoMPosmo^ T 

This traatrnept composition wee produced by the suitable dilution of Zinchrorn® 
33S0N ohroro&te treatment agent, a product commeroiaHy available from Hihon 
ParKenzing Co., Ltd. and intended lor imparting temporary oormsfen resistance to zinc- 
coated steel sheet, 

Goumnmvs Treatment Composition 0 

This treatment composition was produced fey the suitable dilution of 2nchrom0 
3383 chromate treatment agent, a product commarciaBy available from Nlhon 
Parterizsng Co., Ltd, and intended for imparting ?niarmediate corrosion resistance- to 
2Jno-coated steel sheet. 
4. Test results 

Table 1 reports the Example and Comparative Example numbers associated .with 
the metal surface treatment compositions identified by letters above, while Table 2 re- 
ports the results, of painted sheet performance testing using the metal surface treatment 
compositions* Numbers 1 through 25 in Table 2 refer to experiments In which coatings 
ware formed by application of a metal surface treatment composition according to the 
Invention, Good values were obtained in ail performance categories (flat region 
corrosion resistance, worked region corrosion resistance, overooated paint adherence) 
In ail of these experiments. Numbers 27 to 31 in Tabia 2 refer to experiments that used 
the treatment agents of Comparative Examples 1 through 5 in Table 1 — treatment 
agents that fell outside the scope of the present invention. These latter experiments 
gave relative!^ poor results for -at least one, and often -ail, of the fiat region corrosion 
resistance, worked region corrosion resistance > and overooated paint adherence. 
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Table i 



Test Identifier 




Treatment 
Composition 


Peak .Vfeial 
Temperafesre 


Coaling ! 
Weight, g/m 3 i 

1 




1 1 


EG 


1 A 


100 e C 


1,0 




J B 


ICO °c 


1.0 ~^ 


3 


EG 


C 


ioo *c 


i.Q 


4 


EG 


D 


100 X 


1,0 


5 


EG 


E 


100 ^ c 


1.0 




EG 


F | 100 *C 


1.0 


7 


EG 






1.0 


§ 








1.0 


9 


EG 


r 


| 100 s c 


1.0 j 


10 


! EG 


j 


100 °c 


; 1.0 1 


11 


EG 


K 


1 100 =c 


— | 


12 


FG 


L 


1 100 *c 


L0 ; 


13 


EG 


M 


100 *c 


1.0 


14 


EG 


N 


100 *c 


1.0 


15 


FG 


O 


100 «€ 


1.0 | 


16 


EG 


P 


100 «c 


1.0 ""II 


17 


EG 


A 


so *c 


1.0 f 


IB ^ 


EG 


B 


220 *C 


1.0 \ 


19 


EG 


C 


ioo -c 


22 \ 


20 


EG 


D 


too «c 


3.0 | 


21 


GF ! 


E 


100 'C i 


rrrrrrrrn l , . , 

1.0 | 


*<>.■*< 


GI | 


E 


IOO 5> C I 


1.0 


23 


GA \ 


E 


100 S C | 


1.0 


24 




e | tm e c j 


1.0 




25 


Zk-Ns 


E I 


too *c 


1.0 


26 


AL 


E 


103 *C 


1.0 




X 


EG 


Q | 


100 *G 


1.0 


i 


2 


EG 


R 1 


100 °c 


1.0 1 


[ Comparative f 
| Examples 


3 


EG 


Q 1 


150 *C 


3.0 


4 


EG | 




150 C C 


3.0 


S 


EG | S | 


100 °c 


.1.0 






G! j T j 


60 C C 






7 


. m i u | 


100 °C 


4dm$®fCsfm 2 \ 
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Table 2 



| tfesl Identifier from Sbble 1 


Carrasfam Resistance list 


C^&rcoaied Paint ] 


Flat Region 


| Worked Region 






|. Examine I 


4 4 4 




| T" 4" 4 


JL a» J 
-t t* | 


| Example 2 


4- 4- 4 




i 

j V *f- T 




1 Example 3 




1 ^^^^J^ 






I Example 4 1 4 4 4 


j *" 4 4 


| 4 44 


^ v^v -,V~ ^ 


Example 5 


•+■ -•- 4 


\ 4 4 4 




4 4* 4 5 


Example 6 


4 4- 4 


r- 

: „i. ,i, ,^t> 




.-iw aJu S 
$ TTT J 


Example ? 


4 4* 4 






r — rrr — f 

; "*5^ S 


Examples 


4 4 - 4 


"T* "r v *r 


4-4 4 


T T *r I 


i Example 9 


4 4 4 


"TT "T*- "T* 


VV. ^ J^.. 


*^ ^» i 


Example 10 




| tJLl 


4 4 4 


JL. i 


Example i 1 




*iv ^ 


4 4 4 


, * ^ ' J 


Example 12: 


4- «4> 


4* 4 


,i j. a 

•T > *?* T" 




Example 1 3 


4* 4* 4" 


-t- J. 




4 4 4 


Example 14 


4 4 4 


dL. -i. 






Example 15 


4 4v4 


ii, ^L, 
"T 1 


"T "T* ; 


'^••"••^ 


Example 16 


4 4 4 




vL X ^4, 




Example 1? 






4 "t* 4 




Example 18 | 


4 ~ 




~ ~ 




Example 19 | 


— ^ — ! 








Example 20 f - 4 


4. ^ ; 


- HI \ 


^ 4, 


1 Example 21 | 


4 + 4 ] 


■4- 4- | 


v*- <JU ! 




| Example 22 


•4-4-4- i 


~r 4 4- | 


4* 4" 4 i 




| Example 23 


4-4 4 ! 


4 4 4 j 


4 4 4 j 


4 4 4* 


Example 24 


4 4 4 | 


4 4 4 | 


44 4 ] 


4- _4- 


I Example 25 


-s-- 4^ 3 


4- 4 4 | 


4 4- 4 j 




| Example 26 




4 4 4- 1 


4 4 4 j 




| Comparative Example I 


X 1 


X 


4 4 | 




| Comparative Example 2 


~ ™^ 




4 4 | 




| Comp^tive Example 3 




x ' j 


4 ^ 




| Comparative Example 4 


^ 


4 1 


4 | 


4 | 


! Comps^iive Example 5 


X | X | 


4 1 


4 J 


| Comparative Example 6 


. i 1 


X | 


X | 


X 


| Cotsapamti ve Example 7 


4 4 1 


" — v : — ~ ;[ 

4 4 4 | 4 4 4 j 


X J 
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CLAIMS 

1* An aqueous liquid surface treatment composition for metals, said composition 
comprising water and the fotevwig components: 

(A) a component of molecules that satisfy both of the following criteria: 

(A<1) each molecule contains at least two mofete that conform to general 
formula (I): 

m 

■i 

r 2 o si i\% 

Prd 

wherein each of R\ R* and R 3 is Independently selected from the group 
consisting of hydrogen atoms and afkyl moiety containing from: 1 to 4 
carbon atoms; and 

(A,2) for all of the molecules considered together, the weight average value for 
the molecular weight divided by the average number per molecule of 
.moieties conforming to formula (I) as given above yields a quotient that 
Is within a range from 100 to 30.000; and 

(B) a component of one or more substances eefected from the group consisting of 
organic acids, phosphoric acid: hydrofluoric acid, tetrafiuorcborte acid, 
hexafSuorosiiiOic acfd :J hexafiuomtttamc add, hexafluorozjroanio add, 
hexafluomhafnic acid, and ammonium salts of organic acids 5 phosphoric add, 
hydrofluoric acid, ietrafluorsfcorfe acid, hex&fiuorositeio add, haxafluorotrtanic 
acid, hexaffuoroziroonic -acid, and hexafiuofohaf nte acid. 

2> A surface treatment composition according to claim 1, additionally comprising a 
component (C) selected from the group consisting of resins each of the mofacutea of 
which contains at least one tertiary amino. moiety or quaternary ammonium moiety but 
does not qualify to be part o! component (A)> 

3. A surface treatment composition according to claim 2, in which xhmm is a ratio by 
weight o! component (A) to component (0) that Is from 1 >0:9 to 9:1 0. 

4, A surface treatment composition according to cia?m 8, additionally <x>mpns|ng a 
component (0) selected from the water soluble safe of the metals cobalt, tungsten, 
vamdlum> magnesium, aluminum, manganese, titanium, thv&teni chromium, and 
molybdenum, exclusive of any such sails that could be part of any of components (A), 
(B)* and CO as described above but inclusive of salts in which the metals are parte! 
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oxyca&ons as well as salts In which the metals are cations, said component (D) having 
a weight ratio to component (A) m said surface treatment composition that is tern 
0.00010:1.0 to 1.0:1.0, 

S. A surface treatment composition according to claim 2, additionally comprising a 
component (D) areolae! from the water soluble salts of the metals cobalt, tungsten, 
vanadiym, magnesium, aluminum, manganese, titanium, thvaient chromium, and 
molybdenum, exclusive of any such salts that could be part of any of components (A% 

(B) v and (C) as described above but Inclusive of sa&a in which the metals are part of 
oxvoatsons as well as salts m which the metals am cations, said component (D) having 
a weight ratio to component (A) in said surface treatment composition that Is from 
0,00010:1.0 to 1,0:1.0. 

S> A surface treatment composition according to claim 1 , additionally comprising a 
component (D) selected from the wafer soluble salts of the metals cobalt, tungsten, va- 
nadium, magnesium, aluminum, manganese, titanium, tnv&tent chromium, and roofybefe- 
num. exclusive of any such saits that could be part of any of components (A) ; (B), and 

(C) as described above but Inclusive of salts In which the metals are part of oxycataons 
as -wed as salts In which the metals are cations, said component (D) having a weight ratio 
to component (A) m said surface treatment composition that is from 0.00010:1 ,0. to 

7> A surface treatment composition according to claim 6, additionally comprising a 
component (£) selected from moisouies each of which contains at least one moiety 
selected from the group consisting of C~O f C~C, 0*C> G~N : C-M N~N t NHN S and 
sulftir^atom-cbntamihg moieties, but exclusive of any molecules thai ooulcl const^Me part 
of any of components (A) through (D) as described above, said component (E) having 
a weight ratb to component (A) In say surface treatment composition that is from 
0.0010:1.0 10 1.0:1.0. 

8. A surface treatment composition according to claim 5 r additionally comprising a 
component (E) selected from molecules each of which contains at least one moiety 
selected from the group consisting of C~0 } C~C, C*0, C*N, ON> H^U, H-H, and 
sylfynatom-containing moieties, but exclusive of any molecules that could constitute part 
of any of components (A) through (Q) as described above, said component (£) having 
a weight ratio to component (A) in said surface treatment composition that is from 
D,001G:1>0 to 1,0:1. A 

0* A surface treatment composition according to claim 4, additionally comprising a 
component (E) selected from molecules each of wftmh contains at feast one moiety 
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-Mtected from the group consisting of C~0 : C=C, C-C y ON, ON, N«M S N-N* and 
^Uifer-atom-containing moieties, but exclusive of any motecules that could constefe part 
of any of components (A) through (D) as described above, said component (E) having 
a weight ratio to component (A) In said surface treatment composition that is from 
0.0010:1.0 to 1 .0:1.0. 

"TO* A surface treatment composition according to claim 3, additionally 'comprising & 
component (E) selected from molecules each of which contains at least one moiety 
selected from the group consisting of C=G S OG, C*C, C~H C*N* N~N, N--N, and 
suffur-atom-containJng mote, hut exclusive of any molecules that could consitutepart 
of any of components (A) through (0) as described above, said component {£} having 
a weight ratio to component (A) in said surface treatment composition that Is from 
0,001 0:1.0 to 1,0:1 A 

1 1 , A surface treatment -composition according to claim 2, additionaNy comprising a 
component {£} selected from: molecules each of which contains at least one moiety 
selected from the group consisting of OCX C~C> C*G, C~N, G»N.i N~M> N~N 5 and 
auSur-atom*ooiitaining moieties, but exclusive of any molecules that could constitute part 
of any of components (A) through (D) as described above, said component (E) having 
a weight ratio to component (A) in said surface treatment composition that is from 
0*001 url „0 to i <0>1 .0. 

12, A surface treatment composition according to claim 1 additionally comprising a 
component (E) selected from molecules each of which contains . at least one moiety 
selected from the group consisting of OG< C^C, C*C ? ON, C-M ? M«?N, U~U, and 
sulfur-atom-containing moieties, but exclusive of any molecules that could constitute pan 
of any of components (A) through (D) as described above, said component (E) having 
a weight ratio to component (A) in said surface treatment composition that Is from 
0.0010:1 .0 to 1.0:1.0. 

1 3, A process for treating metal surfaces, comprising an operation of forming a isuld 
coating with a siorvvolatiles content from 0.1 to 3,0 g/m s on the surface of a mate] 
substrate by seating said substrata with a surface treatment composition according to 
any of claims 1 through 12 and then drying said syrfaoe treatment composition, without 
having, removed from said liquid coating any of the non-volaiifes content of said liquid 
coating, 
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